In this study, we present updated distribution data for all three brown frog species (Rana spp.) inhabiting Serbia. The data provided consists of newly UROŠEVIĆ, A. ET AL.: FROGS (RANA SPP.) IN SERBIA 228 collected field records and compiled data previously published in literature or via Internet. Of the three species found in Serbia, Rana dalmatina is the most widespread, present in all three altitudinal regions and all biogeographical regions. Rana graeca is confined to Mountain-valley altitudinal region in permanent fastflowing rivers or streams and it reaches its northern range boundaries in Serbia. Rana temporaria is the rarest of the three, with fragmented range restricted to the high mountains or few isolated lowland populations, and in the north-eastern Serbia, it is vicariant with R. graeca in canyons and gorges of montane rivers. The presence of Rana arvalis in Serbia is mentioned in literature but was not confirmed during the subsequent field surveys, so we consider it only as a potential species for the Serbian batrachofauna. The brown frog faunal composition of Serbia is identical to that of Albania, Bosnia and Herzegovina, Bulgaria, Greece, Macedonia and Montenegro, while it is somewhat different from that of Hungary and Romania and the most different from Croatia and Slovenia. Serbian brown frogs belong to European (R. temporaria) and South-European (R. dalmatina, R. graeca) chorotypes. All species of brown frogs present or potentially present in Serbia and their habitats are identified as great conservation priorities.
INTRODUCTION
Reporting of precise and accurate specimen sightings is paramount in biogeographical studies (Wallace 1852 , Meiri 2018 . During the last decade, the number of studies on herpetofaunal distribution and diversity in the Balkans has exponentially grown (Cogălniceanu et al. 2013a , 2013b , Vukov et al. 2013 , Sterijovski et al. 2014 , Tomović et al. 2014 , Szabolcs et al. 2017 . Such studies provide data needed as a basis for the conservation purposes (implementation of Natura 2000 network, estimation of the conservation status for national Red Lists and Red Books), ecological, evolutionary or systematic research of certain taxa or biogeographical studies in broader context (Jetz et al. 2011 , Zachos & Habel 2011 as well as faunal taxonomic distinctiveness (Warwick & Clarke 1995 , Clarke & Warwick 1999 . As the Balkan Peninsula is recognized as one of the main European centres of endemism and speciation (Gaston & David 1994 , Džukić 1995 , Džukić & Kalezić 2004 such studies are of great importance on all taxonomic levels. The whole Balkan Peninsula was also an important glacial refugium during the Pleistocene, and one of the sources for the subsequent recolonisation of Europe (Guillaume et al. 1997 , Džukić & Kalezić 2004 , Böhme et al. 2007 ). Since Serbia is situated in the central parts of the Balkan Peninsula, it can be viewed as a transitional zone, with various biogeographic phenomena being observed (Džukić & Kalezić 2004) .
Brown frogs (Rana spp.) also known as the true frogs are a group of species ranging throughout the Palaearctic and sharing similar morphology -medium size, prominent dorsolateral folds, brown colour and dark facial masks (Green & Borkin 1993) . These frogs are mostly terrestrial, quietvoiced and tend to be early spring explosive breeders (Arnold & Ovenden 2002) . The distribution pattern of Palaearctic brown frogs is specific, with some species widespread throughout Europe and Eurasia (two of them reaching Arctic Circle), and others being endemics restricted to specific habitats in the Iberian, Apennine and Balkan Peninsulas and Asia Minor (Veith et al. 2003) . Rana arvalis morphologically and ecologically fits well in this group. It has a reduced set of chromosomes, 24 contrary to the typical 26 of the R. temporaria group (Green 1983 , Mensi et al. 1992 , Green & Borkin 1993 . However, more recent molecular studies of the Western Palaearctic brown frogs showed that R. arvalis is closely related to R. temporaria and that Western Palaearctic brown frogs are indeed a monophyletic group (Veith et al. 2003) . This group went through a process of adaptive radiation into five major clades about four million years ago, and southern mountain endemics, such as R. graeca most likely originated from populations which remained "trapped" in their glacial refugia (Veith et al. 2003) .
The published information on brown frog species inhabiting Serbia is relatively scarce (Karaman 1948 , Radovanović 1951 , Pasuljević 1966 , Džukić 1968 , Džukić 1972 , Džukić & Pasuljević 1979 , Tadijan & Mikeš 1984 , Perić & Stanković 2005 , Ivančević et al. 2007 , Crnobrnja-Isailović et al. 2012 , Sterijovski 2014 and often restricted to findings of single, extralimital populations (Džukić 2004) . The studies presenting confirmed and potential distribution ranges in Serbia (Vukov et al. 2013) do not provide precise spatial data or georeferenced localities.
The aim of this study is to provide a survey of the known distribution of brown frogs in Serbia, georeference data at the 10 x 10 km standardized UTM grid and analyze diversity patterns.
MATERIALS AND METHODS
We gathered data from published literature records (60), published data from the Batrachological Collection of the Institute for the Biological Research "Siniša Stanković" (242), verifiable online records from field herpetology and biodiversity websites (157) and previously unpublished field observations gathered by co-authors (626). All unpublished field data are listed with locality names in Appendix 1. The complete list of literature records, including the Batrachological Collection, is given in the Appendix 2. In the case of still unconfirmed species for Serbia, we treated literature record without later verification in the field as doubtful. When using data from the Internet, namely websites Balcanica (Balej & Jablonski 2015) , iNaturalist (iNaturalist.org 2018a, 2018b), Bioras (Mesaroš, 2018) and Biologer (Maričić & Golubović 2018) we complied with terms and conditions of websites, and asked site administrators and contributors for permissions to cite their entries. The complete website data with individual citations and authorship for each entry are provided in Appendix 3.
The studied species were identified according to standard herpetological literature, by visual inspection of diagnostic characters on preserved specimens, in voucher photographs or in the field (Arnold & Ovenden 2002) . For the species with specific habitat requirements (e.g. R. graeca, R. temporaria) recognition of adequate habitats or their fragments was essential for finding and identification of animals (Radovanović 1951 , Džukić 1968 , Arnold & Ovenden 2002 .
All entries were mapped in the 10 × 10 km UTM (Universal Transverse Mercator) geographic coordinate grid system to facilitate interpretation of our maps and avoid sampling bias. Because of the lack of systematic efforts to cover all territory of Serbia, lack of records of certain species from some areas does not necessarily imply their physical absence.
Species richness of brown frogs was assessed on a regional level, according to the main altitudinal and biogeographical regions. The territory of Serbia encompasses three altitudinal regions: (1) parts of the Great Pannonian plain in the Vojvodina province in the north (0-200 m a.s.l.), (2) the Peripannonian lowlands and hills along southern banks of the Sava and Danube rivers and in the Velika Morava River valley (200-600 m a.s.l.), and (3) the Mountain-valley region (600-2,650 m a.s.l.) (Marković 1970) (Fig. 1) . The recognized biogeographic regions of Serbia according to Marković 1970 and Stevanović 1992 are: Bačka (Ba), Banat (Bt), Srem (Sr), Pomoravlje (Po), Šumadija (Š), central Serbia (C), north-eastern Serbia (NE), eastern Serbia (E), north-western Serbia (NW), south-eastern Serbia (SE), western Serbia (W), south-western Serbia (SW), southern Serbia (S), Kosovo (K), and Metohija (M) (Fig. 1) .
Also, we evaluated similarities between Serbia and the neighbouring countries, using the Bray-Curtis dissimilarity index (Bray & Curtis 1957) . Species distribution and diversity data for Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Greece, Macedonia, Hungary, Montenegro, Romania and Slovenia were given according to the contemporary literature (Gasc et al. 1997 , Jablonski et al. 2012 , Cogălniceanu et al. 2013a , Sillero et al. 2014 .
For the zoogeographic analysis, chorotypes of brown frogs were identified, according to Vigna Taglianti et al. (1999) . 
RESULTS
The list of brown frogs that inhabit Serbia includes three species. Of these three species, the Agile frog, Rana dalmatina is the most widespread, and its presence has been confirmed in all biogeographic regions (Fig. 2) . The Balkan stream frog, R. graeca is roughly confined to the Mountainvalley parts of Serbia, apart from some populations that reach Peripannonia in north-western Serbia and Šumadija. In the eastern parts of Serbia, its distribution limits are further south, reaching Suva Planina mountain (Fig. 3) . Fig. 3. -Records of R. graeca from Serbia (National grid UTM 10 × 10 km Reference). black circles -published records, red circles -new (field) records, concentric red and black circles -published and field data, ? -doubtful field or literature data. Common frog, R. temporaria is the rarest of the three species present in Serbia, and its range is highly fragmented, mostly restricted to the subalpine and alpine habitats in high mountains, but there are populations in north-eastern and north-western Serbia that inhabit canyons and gorges of montane rivers at lower altitudes, and scattered lowland populations have been detected in the southern Banat (Fig. 4) . Fig. 4. -Records of R. temporaria from Serbia (National grid UTM 10 × 10 km Reference). black circles -published records, red circles -new (field) records, concentric red and black circles -published and field data, ? -doubtful field or literature data.
According to the Bray-Curtis index, the brown frog faunal composition of Serbia is identical to that of Albania, Bosnia and Herzegovina, Bulgaria, Greece, Macedonia and Montenegro. The faunas of Romania and Hungary are more distinct due to the presence of R. arvalis and the absence of R. graeca. Slovenia and Croatia have the brown frog faunas that are the most different from Serbian, due to the absence of R. graeca and presence of R. arvalis and R. latastei (Fig. 5) . Brown frogs in Serbia belong to two chorotypes, European (R. temporaria) and South-European (R. dalmatina, R. graeca). Rana graeca is endemic for the Balkans and reaches its northern distribution limits in Serbia, while R. temporaria has a fragmented range in Serbia (Tab. 1). (Arnold & Ovenden, 2002) . In Serbia, it is the most common and widespread brown frog, which can be found in all three altitudinal regions -Pannonian, Peripannonian and Mountain-valley, and also the only species commonly found in the Pannonian and Peripannonian regions. It is found mostly in open deciduous forests and damp meadows but also in all habitats with suitable shallow or ephemeral ponds, including steppe fragments, rural habitats, parks and edges of agricultural land. It is an explosive breeder in early spring, emerging as soon as mid-February and spawning in shallow water (Radovanović, 1951) . It is terrestrial throughout the rest of the year and can be found very far from water. The map shows that this species is evenly distributed throughout Serbia, and distribution gaps can be interpreted more as a result of lack of systematic faunistic research rather than inferred absence of the species.
The Balkan stream frog (R. graeca) is endemic to the Balkan Peninsula, with distribution range from central Bosnia and Herzegovina in the west, through Serbia, Montenegro, Macedonia, Albania, Greece, and southern Bulgaria, to Turkish Thrace in the east (Nöllert & Nöllert 1992 , Asimakopoulos 2004 ). In Serbia, it is widely distributed in the Mountainvalley region, between 200 and 1000 m a.s.l. (Radovanović 1951 , Vukov et al. 2013 . The Balkan stream frog typically inhabits permanent, fast-flowing streams, springs or small rivers with sparse vegetation in deciduous or mixed forests (Radovanović 1951 , Arnold & Ovenden 2002 . It prefers relatively cold and moist microclimate while avoiding regions with long, cold winters and regions with dry and warm climate. The reproductive period usually lasts from February to April (Valakos et al. 2008) .
The Common frog (R. temporaria) is distributed throughout Europe, from northern Spain in the west to the Urals and western Siberia in the east (Nöllert & Nöllert 1992 ) with altitudinal distribution that ranges from the sea level (in northern portions of the range) to 2760 m a.s.l. (Sindaco et al. 2006) . Its distribution in the Balkan Peninsula is disjunct and restricted to high mountains (Arnold & Ovenden 2002) . In Serbia, this species is considered rare (it inhabits less than 50% of the territory: Vukov et al. 2013) , with range highly fragmented and restricted to high mountains, with some isolated populations at lower altitudes in NorthEastern Serbia and scattered lowland populations in Banat. Although the common frog occupies a wide spectrum of habitats (Kuzmin, 1999 , 2013 , Arnold & Ovenden 2002 , in the southern part of the range it is restricted to high mountains and moist habitats, near water bodies (Radovanović 1951 , Kuzmin 1999 , Arnold & Ovenden 2002 . In Serbia, this species inhabits mountainous and alpine coniferous forests, meadows and pastures, with some exceptions such as canyons and gorges or wetlands in the remaining forest-steppe fragments. Reproduction occurs in shallow waters, in a wide spectrum of temporary and permanent stagnant or slowly flowing waters (Kuzmin 1999) . In Serbia, distribution of this species is much narrower than expected, due to severe habitat fragmentation and the species' preference for specific habitats.
Although R. arvalis inhabits neighbouring countries of Croatia, Hungary and Romania, with some localities being close to the Serbian border, and adequate habitats are present in the extreme northern parts of our country, until now only one literature entry (village Svetozar Miletić near Hungarian border) without later reconfirmation exists (Dely 1953 , Böhme 2014 . There are still no new field records for this species apart from occasional misidentification of R. dalmatina.
The phenomenon of vicariance is characteristic for brown frogs, due to their complex evolutionary history and allopatric speciation in isolated montane refugia (Veith et al. 2003) . In Serbia, this phenomenon can be observed in north-eastern Serbia, where R. temporaria is vicariant with R. graeca, i.e. it inhabits canyons and gorges of fast-flowing montane rivers and streams at lower altitudes (Džukić 1995 , Vukov et al. 2013 . Rana graeca can be considered very significant for the Serbian fauna, since it is the Balkan endemic species and also reaches its northern range borders in Serbia. Peripheral populations are important in the evolutionary sense since they have a great potential for further diversification of the species (Džukić & Kalezić 2004) . Rana temporaria can be considered a glacial relict in parts of the Balkan Peninsula (Fet & Popov 2007) . Its fragmented populations in Serbia are also very important for the genetic diversity of the species and as a source of possible allopatric speciation or cryptic differentiation.
All brown frog species in Serbia are strictly protected by law ("Official Gazette of the Republic of Serbia", No. 5/2010 & 47/2011 . At the global level, all three species are considered least concern. However, at the national level, R. graeca and R. temporaria can be considered as threatened according to at least one set of criteria (Urošević & Džukić 2015a , 2015b (Tab. 2).
Populations of R. graeca which are associated with running water are especially threatened by habitat degradation -deforestation, water draining, dam building, captations and micro-hydro-electric plants. This species is also susceptible to climate change, especially temperature extremes and natural disasters such as droughts or floods (Urošević & Džukić 2015a ). Populations of R. temporaria in Serbia are isolated due to the range fragmentation and very sensitive to anthropogenic threats, habitat degradation and climate change. Introduction of predatory fish into montane lakes can jeopardize spawn and tadpoles, and long migrations to breeding sites make Common frog vulnerable to road traffic (Urošević & Džukić, 2015b) . Protection of brown frogs and their habitats in Serbia should be of very high priority.
CONCLUSIONS
Although this study presents a systematized account on distribution of brown frogs, more methodical field research is needed in order to fill in distribution gaps and provide a more complete insight of distribution patterns. The further research should be concentrated at the northern parts of our country, for possible confirmation of the presence of R. arvalis and finding of more relict, lowland R. temporaria populations, but also in the marginal zones of the known R. graeca range, which could possibly be expanded further north. Since brown frogs reach peak of their annual activity in the early spring, during the reproductive season, the field research should be the most intensive from February to April, depending on the altitude. Mirč, Neva Škrabar and Neda Bogdanović for help in the field. Field data of the late professor Gojko Pasuljević were also included in this study. Some field data were provided by the members of the Serbian Herpetological Society "Milutin Radovanović", BID "Josif Pančić", NIDSBE "Josif Pančić" and the research station "Petnica". У овом раду приказујемо ажуриране податке о дистрибуцији све три врсте мрких жаба (Rana spp.) које насељавају Србију. Коришћени су необјављени подаци прикупљени током теренских истраживања као и претходно објављени подаци сакупљени у литератури или на Интернету. Од три врсте присутне у Србији, Rana dalmatina је најшире распрострањена, присутна у сва три рељефна региона као и у свим биогеографским регионима. Rana graeca је ограничена на сталне брзе реке или потоке у планинско-котлинском региону и достиже своје северне границе ареала у Србији. Rana temporaria је најређа међу ове три врсте, са фрагментисаним ареалом ограниченим на високе плани-не или неколико изолованих низијских популација, а у североисточној Србији је викарна са R. graeca у кањонима и клисурама планинских река. Присуство врсте R. arvalis се спомиње у литератури али није потврђено током каснијих теренских истраживања тако да је и даље можемо сматрати само као потенцијалну врсту за батрахофауну Србије. Састав фауне мрких жаба Србије идентичан је оном Албаније, Босне и Херцеговине, Бугарске, Грчке, Македоније и Црне Горе док се донекле разликује од фауне Мађарске и Румуније и најразличитији је
SUPPORTING INFORMATION

